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Sesquiterpenoids were abundant in the Asteraceae family and exhibited interesting chemical diversities and important biological activities, which made them attractive targets for phytochemical, pharmacological, and synthetic researches [1] . As a kind of perennial herb, Tussilago farfara L. (Asteraceae) is mainly distributed in China, Europe, and Northern Africa [2] . The spear leaves of T. farfara are consumed as vegetable in China and European countries [3, 4] , while the flower buds are widely used as folk medicine for the treatment of coughs, bronchitis, and asthmatic disorders in China [5] . A great number of compounds have been identified from this species, including sesquiterpenoids [6] , triterpenoids [7] , pyrrolizidine alkaloids [8] , and chlorogenic acids [9] . Among them, tussilagone (TSL) and its allied sesquiterpenoids were considered to be the main active components of the flower buds of T. farfara, which possessed potent anti-inflammation and antidiabetic activities [10] [11] [12] . In the present study, six new bisabolane-type sesquiterpenoids, tussfararins A-F (1-6), together with 12 known sesquiterpenoids (l " Fig. 1 ), (4R, 6E)-2-acetoxy-8-angeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one (7) [13] , 1β-(3-ethyl-ciscrotonoyloxy)-8-angeloyloxy-3α,4α-epoxybisabola-7(14),10-dien-2-one (8) [10] , 1β,8-bisangeloyloxy-3α,4α-epoxybisabola-7(14),10-dien-2-one (9) [10] , (1R,3R,4R,5S,6S)-1-acetoxy-8-angeloyloxy-3,4-epoxy-5-hydroxybisabola-7(14),10-dien-2-one(10) [14] , (1R,3R,4R,5S,6S)-1,5-diacetoxy-8-angeloyloxy-3,4-epoxybisabola-7(14),10-dien-2-one (11) [14] , 7β-(3-ethyl-cis-crotonoyloxy)-1α-(2-methylbutyryloxy)-3(14)-dehydro-Z-notonipetrane (12) [12] , tussilagone (13) [12], 14-acetoxy-7β-(3-ethyl-cis-crotonoyloxy)-1α-(2-methylbutyryloxy)-notonipetranone (14) [6] , 7β-(3-ethyl-cis-crotonoyloxy)-14-hydroxy-notonipetranone (15) [6] , β-oploplenone (16) [15] , 2,2-dimethyl-6-acetylhromanone (17) [16] , (−)-cryptomerion (18) [14] , were isolated from the flower buds of T. farfara. Herein, the isolation and structure elucidation of the new sesquiterpenoids and the inhibitory effects of active compounds on NO production are reported. C-NMR spectra exhibited 24 carbon signals attributed to eight quaternary carbons (four car-bonyl, three olefinic, and one oxygenated carbons), seven methines (four oxygenated and two olefinic ones), two methylenes (one olefinic carbon), and seven methyl groups. Further analysis of the 1D and 2D NMR data of 1 revealed some characteristic signals that were assigned to one angeloyloxy group [δ C 167. 3, respectively, implied that the two O-acetyl groups were attached to C-1 and C-9, and the angeloyloxy group was at C-8. The relative configuration of 1 was determined by the coupling pattern and ROESY experiment. The coupling pattern and the constants for H-6 (ddd, J 1,6 = 13.0 Hz, J 5α,6 = 11.4 Hz, J 5β,6 = 7.4 Hz,) suggested that H-1, H-5α and H-6 were β-axially oriented and the side chain at C-6 was α-equatorially oriented [14] . The small coupling constant (4.3 Hz) between H-4 and H-5β indicated that the epoxide ring at C-3 and C-4 was α-oriented [14] , which was further confirmed by the ROESY correlations (l " Fig. 2 ) of H-4/H-5β and H-4/H 3 -15. Therefore, the structure of 1 was determined as shown, and named as 1β,9-diacetoxy-8-angeloyloxy-3α,4α-epoxybisabola-7(14),10-dien-2-one. Tussfararin B (2) indicating nine degrees of unsaturation. The 1 H-and 13 C-NMR data of 2 (l " Table 1 ) were similar to those of 9 [10] , with the main difference being that an oxygenated methine in 2 instead of a sp 2 methine in 9. The HMBC correlations from H-10 (δ H 4.10, t, J = 6.7 Hz) to C-8 (δ C 72.0), C-9 (δ C 40.6), C-11 (δ C 147.9), C-12 (δ C 17.5), and C-13 (δ C 112.7), as well as the 1 H-1 H COSY correlations of H 2 -9 with H-10 confirmed that the hydroxy group was connected to C-10. Another difference between these two compounds was that the methyl group of C-13 in 9 was replaced by a terminal double bond [δ C 147.9 and 112.7] between C-11 and C-13 in 2, which was deduced from the HMBC correlations of H13a (δ H 4.86, br s) and H-13b (δ H 4.83, br s) with C-9, C-11, and C-12. In the ROESY spectrum, H-4 (δ H 3.55, d, J = 4.2 Hz) showed correlations to H-5β (δ H 2.64, ddd, J = 15.6, 7.5, 4.2 Hz) and H 3 -15 (δ H 1.41, s), revealing H-4 and H 3 -15 to be β-oriented. The coupling pattern analysis further suggested that the rest of the relative configurations of 2 were the same as those of 1. Accordingly, the structure of 2 was established as 1β,8-bisangeloyloxy-10-hydroxy-3α,4α-epoxybisabola-7(14),11(13)-dien-2-one. Tussfararin C (3) exhibited the same molecular formula C 25 H 34 C-NMR data of 3 showed a close structural resemblance to 2, differing in the locations of a double bond [δ H (5.65, dd, J = 15.6, 7.0 Hz, H-9 and 5.92, d, J = 15.6 Hz, H-10), δ C 124.8 (C-9), 143.5 (C-10)] and a hydroxy group. The HMBC correlations from H-9 to C-8 (δ C 75.6), C-10, and C-11 (δ C 70.9) and from H-10 to C-8, C-9, C-11, C-12 (δ C 29.7), and C-13 (δ C 29.6), along with the 1 H-1 H COSY correlations of H-8/H-9/H-10 supported the occurrence of the double bond at C-9 and C-10. Moreover, the HMBC correlations observed from the proton signals of H-9, H-10, H 3 -12 (δ H 1.27, s), and H 3 -13 (δ H 1.27, s) to C-11 indicated that the hydroxy group was located at C-11. The double bond between C-9 and C-10 was determined as E configuration based on the big coupling constant (15.6 Hz) of H-9 with H-10. The remaining relative configurations of 3 were assigned as being the same as those of 2 according to the coupling pattern and RO-ESY experiment. Thus, the structure of 3 was proposed as 1β,8-bisangeloyloxy-11-hydroxy-3α,4α-epoxybisabola-9(10),7(14)-diene-2-one. Tussfararin D (4) C-NMR and DEPT spectra showed 26 carbon resonances including eight methyls, three methylenes, five methines (two oxygenated and three olefinic ones), and ten quaternary carbons (three carbonyl and seven olefinic carbons). These spectroscopic data indicated 5 to be a bisabolane-type sesquiterpenoid with one angeloyloxy, one 3-ethyl-cis-crotonoyloxy, and one hydroxy group. Its NMR data were similar to those of 7, except that the 3-ethylcis-crotonoyl group in 5 is replacing the acetyl group in 7 [13] . The HMBC correlations of OH-4 with C-3 (δ C 149.0), C-4 (δ C 67.2), and C-5 (δ C 36.9), as well as the 1 
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loyloxy-3α,4α-epoxybisabola-7(14),10-dien-2-one (9) [10], except for a hydroxy group at C-3 (δ C 78.5) and a chlorine atom at C-4 (
H-
1 H COSY correlation of OH-4 and H-4, allowed the OH group to be at C-4. Based on the HMBC correlation from H-8 (δ H 5.59, t, J = 7.4 Hz) to C-1′′ (δ C 168.5), angeloyloxy group was positioned at C-8 (l " Fig. 3 ). In turn, the 3-ethyl-cis-crotonoyloxy group should be located at C-2, which was further supported by the ROESY correlation between H 3 -15 and the H 3 -6′ of the 3-ethyl-cis-crotonoyloxy group. A positive Cotton effect was observed at 244 nm (Δε = + 2.18) in the CD spectrum, which indicated the absolute configuration at C-4 was R [13] . Therefore, the structure of 5 was determined to be (4R, 6E)-2-(3′-ethyl-cis-crotonoyloxy)-8-angeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one. Tussfararin F (6) had a molecular formula of C 25 H 34 C-NMR spectroscopic data (l " Table 2 ) of 6 were similar to those of 5. The key difference was that 3-ethyl-cis-crotonoyloxy group at C-2 in 5 was replaced by an angeloyloxy group [δ H 6.16 (1H, qq, J = 7.2, 1.4 Hz, H-3′), 1.96-2.02 (3H, m, H-4′), 1.97-2.01 (3H, m, H-5′), δ C 166.7 (C-1′), 128.1 (C-2′), 141.5 (C-3′), 16 .0 (C-4′), 20.7 (C-5′)] at C-2 in 6. This deduction was further confirmed by comparing their 13 C NMR data of the dienone unit. The absolute configuration at C-4, determined by the CD spectrum, was the same as those of 5. Thus, the structure of 6 was determined to be (4R, 6E)-2,8-bisangeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one. Selected isolates (purity > 93 %, 1-7, 10, 14 and 16) were tested for their inhibitory effects on the NO production in LPS-stimulated RAW 264.7 cells with MG 132 as a positive control [17] . As a potent inhibitor of the proteasome, MG 132 decreases LPS-stimulated NO production in RAW 264.7 cells by inhibiting NF-κB sig- naling pathway [18] . The results showed that compounds 1, 3, 6, and 7 exhibited moderate inhibitory activity against NO production (l " Table 3 ). Simultaneously measured with MTT assay, cell viability demonstrated that the inhibitory effect of the active compounds on NO production was not caused by cytotoxicity. Interestingly, compounds 6 and 7, belonging to bisabolane-type sesquiterpenoids with dienone at C-1 to C-3, C-6, and C-7, showed relatively high activities than other compounds. These results indicated that dienone moieties at C-1 to C-3, C-6, and C-7 of bisabolane-type sesquiterpenoids seem to be crucial for the inhibition of NO production, although further evidence is needed for establishment of a clear structure-activity relationship.
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General experimental procedures
Optical rotations were measured with a Horiba SEPA-300 polarimeter (Horiba). UV spectra were obtained by using a Shimadzu UV-2401A spectrophotometer (Shimadzu). A Tenor 27 spectrophotometer was used for scanning IR spectroscopy (Bio-Rad) with KBr pellets. 1D and 2D spectra were run on Bruker DRX-500, AM-400, or Avance III 600 spectrometers (Bruker) with TMS as internal standard. Chemical shift (δ) were expressed in ppm with reference to the solvent signals. ESI-MS spectrum was tested on a Bruker HCT or Esquire spectrometer (Bruker). HR-EI-MS spectrum was performed on a Waters Auto-Spec Premier P776 spectrometer (Waters). Circular dichroism (CD) spectra were detected by a digital Applied Photophysics instrument (Agilent). Middle-performance liquid chromatography (MPLC) was performed on a Lisui Ez Purifier III system including pump manager P03, detector modules P02, and fraction collector P01 (Shanghai Li Sui Chemical Engineering Co., Ltd.) and columns packed with RP-18 silica gel (40-63 µm, Merck). Semipreparative HPLC was performed on an Agilent 1260 liquid chromatography (Agilent) with a Zorbax SB-C18 (5 µm, 9.6 × 150 mm) column. Column chromatography (CC) was performed on Silica gel (200-300 mesh, Qingdao Haiyang Chemical Co., Ltd.), and Sephadex LH-20 (Amersham Pharmacia Biotech). Fractions were monitored by TLC (GF 254, Qingdao Haiyang Chemical Co., Ltd.), and spots were visualized by heating silica gel plates sprayed with 10 % H 2 SO 4 in EtOH.
Plant material
The plant material was purchased from Juhuacun Chinese Traditional Medicine Market, Kunming, Yunnan province, China, in February 2012, and identified by Prof. Xiao Cheng, Kunming Institute of Botany, Chinese Academy of Sciences. A voucher speci- 
